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1 . TITLE OF THE INVENTION 

Drive Circuit 

2. SCOPE OF CLAIM 

1 . A drive circuit including at least one bipolar transistor, characterized in that 
in at least one of the bipolar transistors, a source of supply of a base current is provided 
separately fi"om a source of supply of a collector current. 

2. The drive circuit as claimed in Claim 1, characterized in that the potential of 
the source of supply of the collector current is set to a value higher than the potential of 
the source of supply of the base current. 

3 . DETAILED DESCRIPTION OF THE INVENTION 

(Field of the Invention) 

The present invention relates to a drive circuit made up of a bipolar transistor, 
which is particularly suitable to assuredly avoid saturation of the bipolar transistor to 
thereby enable an off level to be suitably and accurately set. 

(Conventional Art) 

As an example of the drive circuit made up of a bipolar transistor, such a circuit as 
disclosed in the Japanese Laid-open Patent Publication No. 59-843 1 and shown in Fig. 2 
is available. In this circuit, when an input terminal is held at a low potential, a base 
current flows from a power source V to a bipolar transistor Qja through a p-channel 
MIS transistor Mja to switch Qja on with an output terminal O consequently brought to. 
a high level state. Also, when the input terminal I is held at a high potential, an m- 
channel MIS transistor Mjc is switched on to allow the base current to flow towards a 
bipolar transistor Mjb to switch Qjb on with the output terminal O consequently brought 
to a low level state. In this circuit, a collector of the bipolar transistor and a source 
of the p-channel MIS transistor Mja are connected with each other._ Because of this, 
when QjA is switched on, the base potential of Q2A boosts from a low potential 
- approximately equal to 0 V to a potential equal to the power source V. On the other 
hand, the collector potential of Q2A when the collector current starts flowing decreased 
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by a quantity, equal to the product of the parasitic collector resistance in Qja or the 
parasitic resistance of an external collector wiring (both of which are not shown for 
simplicity purpose) times the collector current, down to a value lower than the potential 
of the power source V Accordingly, when the collector resistance of Qja is high, the 
base potential of Qja is higher than the collector potential and this is likely to result in a 
so-called saturated condition. As is well known, once the bipolar transistor is in the 
saturated condition, a large amount of minority carriers are accumulated in the base, 
causing the bipolar transistor to take a longer time before it is switched off. For this 
reason, in the foregoing operation, a problem would arise that a feedthrough current 
may increase at the time the input I changes from a low level to a high level. In the 
next place, the off level of the circuit of Fig. 2 will be discussed. In this circuit, when 
the input terminal I is held at a low level, the potential of the output terminal O starts 
increasing and increase finally to a value equal to the difference of the potential of the 
power source V less the forward-going voltage Vbe between the base and emitter of the 
bipolar transistor Qja- Accordingly, in order for the potential at the off level to be set, 
it is necessary to vary the potential of the power source V. However, since as 
discussed above the power source V is required to supply not only the base current of 
the Q2A, but also the collector current thereof, a large current driving capacity is required 
and it has been diflFicult for the value thereof to be arbitrarily and precisely set. 

(Problems to be Solved by the Invention) 

As hereinabove discussed, in the conventional circuit, there is a risk that the 
bipolar transistor may be saturated and, also, it has been difficult to set the off level 
value as desired. 

In view of the problems inherent in the above discussed conventional art, an 
object of the present invention is to provide a drive circuit effective to assuredly avoid 
saturation of the bipolar transistor and to enable the off level value to be arbitrarily and 
precisely set. 

(Means for Solving the Problem) 

The foregoing object can be accomplished by providing a source of supply of a 
Base current separately from a source of supply of a collector current. 

(Function) 

As such, since the collector potential and the base potential can be controlled 
independently, it is possible to easily maintain the collector potential at a value higher 
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than the base potential at all times. Also, since as compared with the collector current 
the base current is generally low of 1/hfe = 1/10 ~ 1/100, the current driving capacity 
required for the source of supply of the base current may suffice to be lower than that 
required in the conventional circuit. Accordingly, it is easy to control the base 
potential and the off level value can easily be arbitrarily and accurately set. Because of 
this, it is particularly effective, for example, when the logical amplitude of an internal 
circuit is desired to be low as compared with the power source supplied from outside an 
LSI chip. 

(Embodiments) 

Fig. 1 illustrates one embodiment showing a concept of the present invention. In 
Fig. 1, a bipolar transistor Qj^ is used for charging an output terminal O; reference 
character C, represents a circuit for controlling a base current of Q,a; and reference 
character represents a circuit for discharging the output terminal O. Also, reference 
numerals I, and Ij represent respective input terminals; reference character Sb represents 
a base current supply terminal; and reference character Sc represents a collector current 
supply terminal. Ci and are so designed that a desired logical relationship can be 
established between the input terminals I, and I2 and the potential at the output terminal 
O. In the illustrated embodiment, while the collector current of the bipolar transistor 
QiA is supplied from the terminal SC, the base current is supplied from the terminal Sg. 
Since the base current of the bipolar transistor is 1/hfe = 1/10 - 1/100 of the collector 
current, the current supplied from the terminal Sb when in the above described circuit 
the output terminal O is to be charged, is about l/(hfe + 1) j= 1/hfe of the total charging 
current flowing to the output terminal O. Accordingly, for a source of supply of the 
base current that is connected with the terminal Sg, the supply source having a low 
driving capacity can be used. The off level value in the illustrated embodiment is a 
value that is equal to the potential at the base B of the bipolar transistor Q,a less the 
forward-going vohage between the base and emitter of Qja- Accordingly, in order 
to secure a desired off level, it is necessary to design the circuit Cj and the base current 
supply source so that when the output terminal O is charged, the potential at the base B 
can be higher than the desired off level by a quantity corresponding to VBE, but since 
as discussed above the driving capacity required by the base current supply source is 
low, the value of the off level can be arbitrarily and precisely set. By way of example, 
it can easily be set_by an output from a voltage limiting circuit provided inside a chip 
such as disclosed in the Japanese Patent Applications No. 56-57143 and No. 56-168698 



or the Japanese Laid-open Patent Publication No, 59-11 1 5 14. Also, in order to prevent 
the bipolar transistor Q,a from being saturated, it is necessary for the potential at the 
terminal SC to be higher than that at the base B, but since in the illustrated embodiment 
the potential at the terminal SC can be designed independently of the setting of the off 
level, it is possible to assuredly avoid saturation of the bipolar transistor Qj^. Thus, 
according to the illustrated embodiment, the value of the oflF level can be accurately set 
as desired while saturation of the bipolar transistor is assuredly prevented and, therefore, 
the high speed property of the bipolar transistor can be effectively utilized. It is to be 
noted that although in Fig. 1 the circuits C, and are shown as having respective 
single input terminals, each circuit may have a plurality of input terminals or the both 
may have a common input terminal, should the necessity arise. Also, it is needleiss to 
say that various modifications can be conceivable such as, for example, a ground 
terminal G being connected to an output rather than being grounded. It is also to be 
noted that although in Fig. 1 neither the base current supply source nor the collector 
current supply source is specifically shown, they may be an electric power source 
capable of applying a predetermined potential or pulses depending on the purpose. 
These supply source may be provided inside an LSI chip including the circuit of the 
illustrated embodiment or may be provided externally thereof. By way of example, Sq 
may be connected with an electric power source (for example, 5 V) that is supplied from 
outside of the LSI chip and Cg may be connected with a circuit within a chip capable of 
generating a voltage (for example, 4 V) that is lower than that of the above described 
external power source. As a means for reducing this voltage, the circuit disclosed in 
the previously mentioned Japanese Patent Application No. 56-57143 or others may be 
employed. 

In this way, control of the off level can easily be accomplished without causing 
any saturation of the bipolar transistor Q^^. 

Fig. 3 illustrates a first embodiment of the base current control circuit C, shown in 
Fig. 1. In Fig. 3, a CMOS inverter circuit is made up of a p-channel MIS transistor 
M3A and an n-channel MIS transistor Mjg. In other words, when the potential at the 
input terminal Ij is at a low level, the p-channel MIS transistor Mj^ is switched on and 
the n-channel MIS transistor M3A is switched off, with an electric current consequently 
flowing from the terminal Sg to the base B. When the potential at the input terminal I, 
is at a high level, Mj^ is switched off and Mjg is switched on and, accordingly, the base 
current is interrupted with the potential at the base B being 0 V. According to this 



embodiment, since the current flows from the terminal Sg only when the input terminal 
I, is held at the low level, it is possible to minimize the electric power consumption. 
Also, since the p-channel MIS transistor and the n-channel MIS transistor Mjg are 
used to control the base current, they may be of a small size and the input capacity as 
viewed relative to the input terminal II can be minimized. 

While the embodiment shown in Fig. 3 is a circuit in which the base current 
flows when the input terminal I, is held at the low level, a circuit can be easily designed 
in which the base current flows when the input terminal is held at a high level. One 
embodiment therefor is shown in Fig. 4. In Fig. 4, Cj is made up of four MIS 
transistors and, of them, p-channel and n-channel MIS transistors M4B and M4C 
altogether constitute the CMOS inverter and are used for transmitting the potential 
applied to the input terminal I, to the gate G^^ of a MIS transistor M4D after such 
potential has been inverted. When the potential at the input terminal II is held at a 
high level, the n-channel MIS transistors M^^ and M4C are switched on. Since at this 
time the gate of the n-channel MIS transistor M4D is held at 0 V, the n-channel MIC 
[sic] transistor M4D is switched off. Accordingly, the current flows from the terminal 
Sb towards the base B. On the other hand, when the potential at the input terminal II 
is held at a low level, the n-channel MIS transistors M4A and M4C are switched off and 
the p-channel MIS transistor M4B is switched on. As a result, the potential at G4D 
increases to a value equal to the potential at the terminal S4 with the n-channel MIS 
transistor M^^ consequently switched off. Accordingly, the base current is interrupted 
and the potential at the base B is held at 0 V. As described above, according to the 
embodiment shown in Fig. 4, only when the input terminal Ij is held at the high level, 
the base current can flow. It is to be noted that design is desirable in which the 
potential at the terminal S4 is held at a value lower than the high level of I, and, when I, 
is at a high level, the p-channel MIS transistor M^^ can be switched off. In this 
embodiment, it is also possible to determine the potential at the base B in reference to 
the potential at the input terminal when the input terminal I^ is held at the high level. 
In other words, assuming that the threshold voltage of the n-channel MIS transistor M4A 
is expressed by Vj^^, the potential when Ii is at the high level is expressed by V^h and 
the potential at the terminal Sg is expressed by Vsb, the potential at the base B increases 
to VsB when Vi,h > Vsb + ^taa, but when Vi,h < Vsb + Vt4a, the potential at the base B 
will be VjiB - Vt4a. Accordingly, at this time the potential at the output terminal O 
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shown in Fig. 1 will be Vi,b - Vt4a - Vbe and the off level can be determined by as 
well. 

-Fig. 5 illustrates an embodiment in which CI is made up of an MIS transistor and 
a bipolar transistor. As is the case with the embodiment shown in Fig. 3, this 
embodiment is a circuit in which when the input terminal I, is at a low level, the current 
flows towards the base B, but when it is at a high level the base current is interrupted. 
The difference between it and Fig. 3 is such that when the p-channel MIS transistor M3A 
in Fig. 3 is replaced with a p-channel MIS transistor M^^, an n-channel MIS transistor 
M5B and a bipolar transistor Qs^. According to this embodiment, since the bipolar 
transistor and Qi^ shown in Fig. 1 are connected to form a Darlington circuit, an 
extremely high speed operation can be expected. It is to be noted that the oflF level in 
this embodiment is equal to the potential at a terminal S^, less the forward-going base- 
emitter voltage of the bipolar transistors Q^^ and Q,a. Since the current flowing from 
Sbi is about l/(hfe)^ of the current flowing to the output terminal O shown in Fig. 1, the 
driving capacity of the supply source for supplying an electric current to Sg, may be 
extremely low. In this embodiment, the potential at the terminal Sgj has to be 
maintained at a potential with which the bipolar transistor will not saturate. 

While in the foregoing the embodiments of C, shown in Fig. 1. have been 
described, an embodiment of C2 will now be described. Fig. 6 illustrates an example 
in which C2 is constructed of a single n-channel MIS transistor M^^- When an input I2 
is at a low level, MgA is switched off, but when at a high level, it is switched on. If it is 
at the high level when the bipolar transistor Q,a is switched on, no excessive current 
will flow from a terminal 8c towards the ground. By way of example, when for C, the 
embodiment shown in Fig, 3 or Fig. 5 is employed, signals of the same phase have to be 
inputted to I, and I2 and at such tirrie I, and I2 may be connected together. If for G the 
embodiment of Fig, 4 is employed, signal of opposite phases have to be inputted to II 
and I,. According to the embodiment of Fig. 6, when the input terminal I2 is held at the 
high level, the potential at the output terminal O decreases down to 0 V and, even 
thereafter, the n-channel MIS transistor is kept on and, accordingly, it is possible to 
maintain the output terminal O at a low impedance. 

Fig. 7 illustrates an embodiment in which C2 is constructed to include a bipolar 
transistor. In Fig. 7, the gate G7 of an n-channel MIS transistor M7B is connected with 
Ihe base B of the bipolar transistor Q,a of Fig, 1 or the output terminal. . In this 
embodiment, when the input terminal I2 is held at a high level, the bipolar transistor M7A 
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is switched on and, accordingly, the potential at the output terminal O can be quickly set 
up. When the input terminal Ij is at a low level, the base B and the output terminal O 
are held at a high level and when the bipolar transistor Q,^ of Fig. 1 is switched on, and 
the base of the bipolar transistor will be 0 V, when the n-channel MIS transistor M-j^ 
of Fig. 7 is switched on, with consequently switched off. In this embodiment, 
although it is not possible to render the potential at the output terminal O to be 
completely 0 V since Qj^ is switched off when the potential at the output terminal O 
lowers down to the forward-going base-emitter voltage of the bipolar transistor Qy^, the 
embodiment shown in Fig. 6 has to be concurrently used where to render it to be 0 V is 
required. 

(Effects of the Invention) 

According to the present invention, since in the drive circuit including the bipolar 
transistor, the base. current supply source for the bipolar transistor and the collector 
current supply source therefore are separated from each other, the base potential and the 
collector potential can be controlled independent from each other and the off level can 
be accurately and arbitrarily set while saturation of the bipolar transistor is avoided. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an embodiment showing a concept of the present invention; Fig. 2 
is the conventional drive circuit including the bipolar transistor; Figs. 3, 4 and 5 are 
respective embodiments of CI shown in Fig. 1; and Figs. 6 and 7 are respective 
embodiments of C2- shown in Fig. 1, - 

I,, I2 ' • • • Input terminal, O • • • • Output terminal, B • • • • Base, Sb 

Base current supply terminal, Sc Collector current supply terminal, C, 

Base current control circuit, C2 Collector current control circuit, Q,a, QaA* 

J93a» Qsa. Q7A Bipolar transistor, Mj^, Mjb, M^^, M4B, Mj^^ n-channel MIS 

transistor, M2B, Mjc, M3B, M4A, M4C, Msb. ^sc* Mta, ^sa p-channel MIS 

transistor 

Agent: Patent Attorney Katsuo Ogawa 

Translator's Note: Because of illegible lower case characters or numerals appearing everywhere in 
the text, Translator cannot warrant the accuracy of some of the reference characters and numerals 
used in this translation. 
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